The use of 3,4-methylenedioxymethamphetamine (MDMA) has frequently been associated with increased levels of impulsivity during abstinence. The effects of MDMA on measures of impulsivity, however, have not yet been studied during intoxication. The present study was designed to assess the acute effects of MDMA and alcohol, alone and in combination, on behavioral measures of impulsivity and risktaking behavior. A total of 18 recreational users of MDMA entered a double-blind placebo-controlled six-way crossover study. The treatments consisted of MDMA 0, 75, and 100 mg with and without alcohol. Alcohol dosing was designed to achieve a peak blood alcohol concentration (BAC) of about 0.06 g/dl during laboratory testing. Laboratory tests of impulsivity were conducted between 1.5 and 2 h post-MDMA and included a stop-signal task, a go/no-go task, and the Iowa gambling task. MDMA decreased stop reaction time in the stop-signal task indicating increased impulse control. Alcohol increased the proportion of commission errors in the stop-signal task and the go/no-go task. Signal detection analyses of alcohol-induced commission errors indicated that this effect may reflect impairment of perceptual or attentive processing rather than an increase of motor impulsivity per se. Performance in the Iowa gambling task was not affected by MDMA and alcohol, but there was a nonsignificant tendency towards improvement following alcohol intake. None of the behavioral measures of impulsivity showed a MDMA Â alcohol interaction effect. The lack of interaction indicated that the CNS stimulant effects of MDMA were never sufficient to overcome alcohol-induced impairment of impulse control or risk-taking behavior.
INTRODUCTION
3,4-Methylenedioxymethamphetamine (MDMA) is frequently used in combination with psychoactive drugs. Surveys in Australia (Topp et al, 1999) and Spain (Gamella et al, 1997) have indicated that 40-60% of MDMA users consumed alcohol concomitantly. Theories of drug use have proposed links with risk-taking behavior and impulsivity particularly among polydrug users (de Wit et al, 2002) . Studies that have examined the effect of MDMA on impulsivity in abstinent MDMA users have provided conflicting results. McCann et al (1994) reported a decrement in impulsivity ratings of MDMA users as measured by the Multidimensional Personality Questionnaire, whereas others reported elevated scores of impulsivity in heavy MDMA users, using different subjective measures of impulsivity (Butler and Montgomery, 2004; Morgan, 1998 Morgan, , 2000 Parrott, 2000) . Elevated levels of impulsiveness have been associated with lower levels of 5HT and CSF-5HIA (Linnoila et al, 1983 (Linnoila et al, , 1993 and with dopaminergic activation in the prefrontal cortex leading to a reduction in 'inhibitory control' over behavioral functions (Jentsch and Taylor, 1999) . MDMA-induced impulsivity could be accounted for by both mechanisms. Low CSF-5HIAA levels have been observed in abstinent and recent MDMA users, whereas dopaminergic turnover is temporarily elevated during MDMA intoxication (Green et al, 2004; Nash, 1990) .
Research on MDMA-related impulsivity has generally relied on subjective questionnaires and self-report, which have provided valuable information about impulsivity as a trait in abstinent MDMA users. It has been argued, however, that these measures may not be very well suited for pharmacological studies of impulsivity because they are subjective, measure a relatively stable characteristic, and cannot be directly related to biological models of impulsi-vity . These problems have been overcome by using behavioral measures of impulsivity as defined by the inability to anticipate and reflect on the consequences of decision making or by the failure to inhibit a response in a rapid response task (Bechara et al, 2000; Logan et al, 1984) . Studies in MDMA research employing behavioral tests have been relatively sparse but those that were conducted seem to support subjective reports of enhanced impulsivity. Heavy MDMA users produced more commission errors in a go/no-go task and made more risky choices in a gambling task (Butler and Montgomery, 2004 ) when compared to nondrug users. In addition, current and former MDMA users produced faster responses and more incorrect choices in a matching familiar figures test designed to measure reflection-impulsiveness (Morgan, 1998 ).
Yet, despite mounting evidence that inhibitory control may be impaired in abstinent MDMA users, the discussion as to its underlying cause remains controversial. A number of confounding factors have been suggested that may account for increments in risk taking or impulsivity observed in MDMA users, besides or instead of MDMA use per se. For example, MDMA users are generally polydrug users of a range of recreational drugs, which makes attribution of impulsivity to either one drug virtually impossible. In addition, it cannot be excluded that impulse and risk-taking behaviors are related to pre-existing low levels of serotonin in MDMA users or that a predisposition to elevated impulsivity underlies the use of MDMA or selfreports and laboratory results from studies in abstinent MDMA users (Butler and Montgomery, 2004; Cole and Sumnall, 2003) . Consequently, a better approach for determining a causal relation between MDMA use and change in impulse control may be to conduct placebocontrolled studies on the acute effects of MDMA on laboratory measures of impulse control. Acute studies will be crucial for showing a direct pharmacological link between MDMA use and impulse control during intoxication and may even provide a mechanistic blueprint for MDMA-induced long-term changes in impulse control.
The aim of the present study is to assess the acute effect of MDMA alone and in combination with alcohol on impulsivity in a double-blind placebo-controlled withinsubject design. Impulsivity was either defined as the failure to inhibit a response in rapid response model (go/no-go task and stop-signal task) or as the inability to anticipate and reflect on the consequences of a decision (Iowa gambling task). It was predicted that a general increase in brain 5HT following a single dose of MDMA would improve impulse control. Alcohol has been previously shown to decrease impulse control in rapid response tasks (de Wit et al, 2000; Vogel-Sprott, 1997, 1999) and was included in the present study design as an active control and to assess potential MDMA by alcohol interaction effects.
METHODS

Subjects
A total of 18 recreational MDMA users (nine males and nine females) aged 20-37 years were recruited through advertisements in local newspapers. All subjects were light-tomoderate users of MDMA who reported to have taken the drug on 2-25 occasions (mean: 9 occasions) in the previous year. Overall, subjects reported to have taken between 2 and 120 MDMA tablets (mean: 18 tablets) in the previous year. Initial screening was accomplished on the basis of a questionnaire on medical history. Subjects who were accepted were examined by the medical supervisor, who also checked vitals signs and took blood and urine samples. Standard blood chemistry, hematological and drug screen tests were conducted on these samples. Inclusion criteria were: experience with the use of MDMA; free from psychotropic medication; good physical health as determined by examination and laboratory analysis; absence of any major medical, endocrine, and neurological condition; normal weight, body mass index (weight/length 2 ) between 18 and 28 kg/m 2 ; and written informed consent. Exclusion criteria were: history of drug abuse (other than the use of MDMA) or addiction; pregnancy or lactation; cardiovascular abnormalities as assessed by standard 12-lead ECG; excessive drinking (420 standard alcoholic consumptions a week); hypertension (diastolic4100 mmHg; systolic 4170 mmHg); and history of psychiatric or neurological disorder.
This study was conducted according to the code of ethics on human experimentation established by the declaration of Helsinki (1964) and amended in Edinburgh (2000). All subjects gave their informed consent, in writing. Approval for the study was obtained from the University's Medical Ethics committee. A permit for obtaining, storing, and administering MDMA was obtained from the Dutch drug enforcement administration.
Design, Doses, and Administration
The study followed a double-blind placebo-controlled sixway crossover design. Complete balancing of the treatment orders yielded six treatment orders randomly assigned to 18 subjects. The treatments consisted of MDMA 0, 75, and 100 mg with and without alcohol. MDMA and MDMA placebo were administered orally in identically appearing formulations. MDMA was administered as a 25 ml solution in bitter orange peel syrup, which was ingested at once. Alcohol dosing was designed to achieve a peak BAC of about 0.06 g/dl during laboratory testing. Alcohol doses were administered at 45 min post drug, and consumed within a period of 15 min. Subjects' BAC was monitored regularly at 15 min intervals for 30-90 min after cessation of drinking using a Lion SD-4 Breath Alcohol Analyzer. The minimum wash-out period between successive treatments was 1 week. Laboratory tests were conducted between 1.5 and 2 h post drug (ie 0.5-1 h post alcohol).
Procedures
Subjects were asked to refrain from any drugs starting 1 week before the medical screening and physical examination until 2 weeks after the last experimental session. The subjects were not allowed to use alcohol on the day prior to an experimental session and were requested to arrive at experimental sessions well rested. Drug and alcohol screens in breath and urine were performed prior to experimental sessions upon arrival of the subject. Drugs and placebo were only administered in case a subject had passed the urine drug screen on a given test day. Three subjects tested positive for cannabis in urine prior to drug or placebo administration. These subjects were all sent home to return to our laboratory at a later time. Subjects were transported from their homes to the laboratory or vice versa by one of the experimenters in order to prevent subjects from driving under the influence on the day of testing. Additional clinical blood chemistry, with particular reference to liver and renal function was conducted at day 7 after each treatment. All subjects received a training session prior to onset of the experimental sessions in order to familiarize them with the tests and procedures.
Behavioral Tests of Impulsivity
Stop-signal task. This task requires subjects to make quick key responses to visually presented go signals and to inhibit any response when a visual stop signal is suddenly presented. The current test is adapted from an earlier version of Fillmore et al (2002) . The go signals are four 1.5 cm letters (ABCD) presented one at a time in the center of a computer screen. Subjects are required to respond to each letter as quickly as possible by pressing one of two response buttons. One button is pressed to indicate that 'A' or 'C' appeared and the other to indicate 'B' or 'D'. Letters are displayed for 500 ms and the computer screen is blank for 1.5 s interstimulus interval before the next letter is displayed. This provides a period of 2 s in which the subject can respond to a letter.
A single test consists of 176 trials in which each of the four-letter stimuli is presented equally, often. A stop signal occurred in 48 trials during a test. The stop signal consists of visual cue, ie '*' that appears in one of the four corners of the screen. Subjects are required to withhold any response in case a stop signal is presented. Stop signals are presented 12 times at each of the four delays after the onset of a letter: 50, 150, 250, and 350 ms. Trials always begin with a 500 ms preparation interval in which a fixation point appears at the center of the screen. The task lasts for about 10 min. Dependent variables are the proportion of commission errors on stop trials and the reaction times (RT) on go and stop-signal trials (ie stop reaction time). Stop reaction time to stop-signal trials represents the estimated mean time required to inhibit a response.
The method for calculating stop reaction time was taken from the race model of inhibitory control (Logan, 1994) . This model proposes that the response to stop-signal trials is defined by two parallel processes: execution of a motor action in response to a signal and inhibition of a motor action in response to stop signal. Crucial to the outcome of the race is the speed of both processes. Response inhibition will fail if the time required to inhibit exceeds the time to complete a motor response at the time of the stop signal. The speed of the inhibition response cannot be observed directly but can be derived mathematically on the basis of three factors: stop-signal delay, reaction time distribution on go trials, and the probability of successful response inhibitions in stop-signal trials. First, RT to 128 go trials were rank ordered from shortest to longest. The finishing time of the inhibition response was then determined from the probability of successful response inhibition and the distribution of RT. If n% of the responses on stop-signal trials would be unsuccessfully inhibited (ie commission error), than the finishing time would be associated with the nth percentile of the RT distribution. Stop reaction time was then determined by subtracting the appropriate stop-signal delay from reaction time at the nth percentile of the RT distribution. The resulting values for each stop-signal delay were then averaged to yield a single measure of stop reaction time for the test.
Go/no-go task. The go/no-go task provides a measure of the ability to inhibit or suppress a habit response. During the test, a series of letters (A, E, H, L, K, and X) appear one at a time in the center of the computer screen, and participants are instructed to press the spacebar at the appearance of each letter (go condition). However, if the letter 'X' is preceded by 'A', subjects have to inhibit their prepared responses (no-go condition). Dependent variables include average RT on go trials and errors of commission; that is, pushing the spacebar during no-go trials. In addition, the signal detection theory model (Green and Swets, 1966) was applied to assess the subjects' operation characteristics during task performance. Hit rate (H, probability of response inhibition on no-go trials) and false alarm rate (FA, probability of response inhibition on go trials) were established to determine the main parameters of the signal detection model; that is, sensitivity (d 0 ) and response criterion (b). Hit and false alarm rates were referred to standardized normal distributions in order to yield z(H) and z(FA). The sensitivity index d 0 is given by z(H)Àz(FA) expressed in normal deviates. The response criterion b is conceptualized as f(H)/f(FA), where f(H) and f(FA) are the ordinates of the normal curve corresponding to H and FA. Sensitivity reflects the discriminability of go trials from no-go trials, whereas the response criterion indicates the minimum level of certainty that is necessary for the subject to make a 'no-go' decision. Two respondents may differ considerably in their criterion, even when they are equally sensitive. A subject's response criterion may be liberal or risky, thereby detecting most of the no-go signals at the cost of many false alarms, or it may be conservative, leading to few false alarms while reducing the probability of detecting no-go signals.
The Iowa gambling task. The subject sees four decks of cards on a computer screen labeled A, B, C, and D at the top end of each deck. With a mouse, the subject can click on a card on any of the four decks. Each deck of cards is programmed to have 40 cards. The gains and losses for each card selection are set so that in each block of 10 cards from deck A or deck B, over the course of trials, there is a total gain of $1000 (interspersed with unpredictable losses totalling $1250). For decks C and D, the gains and losses for each card selection are set so that in each block of 10 cards there is a total gain of $500, interrupted by losses totaling $250 (gains and losses all refer to virtual money). Thus decks A and B are 'disadvantageous' in the long term, while decks C and D are 'advantageous' in the long term. The majority of normal people choose advantageously on this task (ie select more cards from the advantageous relative to the disadvantageous decks). Patients with frontal lobe lesions do the opposite, that is, select more disadvantageous cards. The sensitivity, reliability, and validity of this task in detecting decision-making impairments has been tested in neurological as well as psychiatric populations. Thus there is one dependent measure that we collect from this task: net score (total no. of cards picked from C and D minus total no. of cards picked from A and B). Parallel versions of the gambling task are used over six treatment sessions (Bechara et al, 2000 (Bechara et al, , 2001 .
Pharmacokinetic Assessments
MDMA was determined in plasma (15 ml) at 1.5 h post drug. Blood samples were placed on ice immediately, centrifuged later, and frozen at À801C until analyses for pharmacokinetic assessments. MDMA and MDA concentrations were determined using solid-phase extraction and gas chromatography with mass spectrometric detection with quantification limits of 1 ng/ml, respectively. BAC concentrations were assessed every 15 min during the first 2 h after drinking with a Lion SD-4 Breath Alcohol Analyser.
Statistics
Data were analyzed by means of repeated measures MANOVA with alcohol (two levels) and MDMA (three levels) and their interaction as main factors. Separate drugplacebo contrasts were conducted following an overall effect of MDMA or the interaction between MDMA and alcohol. The alpha criterion level of significance was set at p ¼ 0.05.
RESULTS
Complete data sets (N ¼ 18) were collected for the Iowa gambling task and the go/no-go task. In case of the stopsignal task, incomplete data sets were recorded from one subject due to technical problems. Only complete data sets entered the statistical analyses.
Mean ( + SE) values recorded in the laboratory tests of impulsivity during every treatment condition and a summary of the statistical analyses are shown in Table 1 .
On the stop-signal task, MANOVA indicated a significant overall effect of MDMA on stop reaction time (F 2,15 ¼ 4.62; p ¼ 0.027). In general, MDMA decreased stop reaction time as compared to placebo treatments. Separate drugplacebo contrasts indicated that this effect was particularly noteworthy for MDMA 75 mg (p ¼ 0.008). Mean (SE) stop reaction times in every treatment condition are shown in Figure 1 .
MANOVA also revealed significant main effects of alcohol on the percentage of commission errors in the stopsignal task (F 1,16 ¼ 7.06; p ¼ 0.017) and the go/no-go task (F 1,17 ¼ 7.84; p ¼ 0.012). During alcohol treatments the proportion of commission errors was significantly higher as compared to treatments without alcohol in both tests. Mean proportions of commission errors in all treatment conditions in the stop-signal task and the go/no-go task are shown in Figure 2 . Signal detection parameters related to performance at the go/no-go task indicated that the increment in commission errors during alcohol was related to a reduction in the subjects' sensitivity (d 0 ) to distinguish go from no-go signals (F 1,17 ¼ 18.25; p ¼ 0.001), and not to a change in the subjects' response criterion (b). Mean (SE) sensitivity in each treatment condition is shown in Figure 3 .
In the gambling task, alcohol tended to improve performance as indicated by an almost significant main effect of alcohol (F 1,17 ¼ 3,14; p ¼ 0.09). On average, the number of advantageous cards selected during alcohol treatments were higher as compared to treatments without alcohol. MDMA did not affect performance in the gambling task.
There were no alcohol Â MDMA interactions on any behavioral measure of impulsivity.
Pharmacokinetics
Mean BAC did not significantly differ between treatments. Mean (SE) BACs at the onset of laboratory testing, that is, 30 min post drinking were, respectively, 0.65 (0.19), 0.56 (0.12), and 0.57 (0.16) mg/ml, following placebo, MDMA 75 and 100 mg. Mean (SE) BACs at the end of laboratory testing, that is, 60 min post drinking were, respectively, 0.64 (0.16), 0.59 (0.11) and 0.59 (0.12) mg/ml following placebo, MDMA 75 mg and MDMA 100 mg.
MDMA and MDA concentrations were also comparable between treatments. At onset of the laboratory test, that is, 1.5 h post drug, mean (SE) MDMA concentrations were 137.4 (31.9) and 191.8 (49.1) ng/ml following MDMA 75 and 100 mg, respectively. When combined with alcohol, MDMA concentration following the 75 and 100 mg dose were 147 (36.3) and 208.5 (45.7), respectively. MDA concentrations following single doses of MDMA 75, MDMA 100 alone and combined with alcohol were, respectively, 3.5 (1.2), 4.5 (1.5), 3.4 (1.0), and 4.7 (1.4) ng/ml.
DISCUSSION
The main findings of this study on impulsivity were (1) that acute doses of MDMA improved impulse control in the stop-signal task; (2) that a moderate dose of alcohol impaired the subjects' ability to inhibit responses in the stop signal and go/no-go paradigms; and (3) that MDMA did not affect alcohol-induced impairment in response inhibition tasks.
The present study has been the first to assess the acute effects of MDMA on behavioral measures of impulsivity. In two tasks, ie the stop-signal task and the go/no-go task, impulsivity was defined as the inability to inhibit an activated or pre-cued response leading to errors of commission. In the third task, ie the Iowa gambling task, impulsivity was defined as the inability to anticipate and reflect on the consequences of decision making. In both response inhibition tasks, MDMA did not affect the proportion of commission errors but significantly improved stop reaction time in the stop-signal task. These data indicate that a single dose of MDMA has the potential to stimulate inhibitory motor control in a stop-signal task during intoxication. The pharmacological mechanism underlying improvement in impulse control may be related to acute serotonergic or dopaminergic suppletion following a single dose of MDMA. MDMA is believed to increase 5HT levels during intoxication by stimulating the acute release of 5HT and by blocking the presynaptic reuptake of 5HT ( Steele et al, 1994 Steele et al, , 1987 . Improved impulse control during serotonergic suppletion seems in line with reports on impaired impulse control in heavy users of MDMA during periods of abstinence. Studies on serotonergic function in recreational MDMA users have repeatedly shown low levels of 5HIAA in CSF (Bolla et al, 1998; McCann et al, 1994; Peroutka et al, 1987; Ricaurte et al, 1990) , reduced density of 5-HT transporters (Reneman et al, 2002) and blunted neuro-endocrine responses in serotonergic challenge tests (Gerra et al, 1998; McCann et al, 1999; Verkes et al, 2001 ) when compared to nondrug using controls. In addition, serotonergic depletion has been linked to behaviors characterized by impaired impulse control (Linnoila et al, 1983 (Linnoila et al, , 1993 . Thus, acute improvement of inhibitory control in the stop-signal task following MDMA administration can be interpreted as supportive evidence for current notions on the link between serotonin and impulsivity. Impulsivity levels may drop following serotonin suppletion during acute MDMA intoxication but rise during periods of abstinence when serotonin levels are low.
Alternatively, the reduction in stop reaction time during MDMA intoxication may have also resulted from increased dopaminergic neurotransmission. MDMA is known to also stimulate the release of dopamine and to bind to the presynaptic dopamine reuptake transporters, albeit with less affinity then for the 5HT transporter (Green et al, 2004) . Studies on the effects of dopamine agonists on behavioral measures of impulsivity have shown patterns of improvement in impulse control that are similar to the one presented here, following MDMA. D-amphetamine for example, was shown to decrease stop reaction time of healthy volunteers in a stop-signal paradigm without affecting reaction time to go trials (de Wit et al, 2000 (de Wit et al, , 2002 . However, opposite effects of amphetamine on behavioral tests of impulsivity have also been found when tested in long-term stimulant abusers. Fillmore et al (2003) reported that an acute dose of d-amphetamine produced a dose-dependent increase in inhibition failures in longterm stimulant abusers performing a cued go/no-go task. Similarly, single doses of cocaine reduced the ability to inhibit responses of cocaine abusers in a stop-signal task (Fillmore et al, 2002) . It has been suggested that repeated dopaminergic stimulation of prefrontal pathways leads to impairment of inhibitory functions (Volkow et al, 1997a, b) and that neural changes following chronic stimulant use may alter the behavioral response to acute dopaminergic stimulation (Fillmore et al, 2005) . In the present study, the subjects can be best qualified as light-to-moderate MDMA users. Therefore, subject characteristics in the present study would seem more comparable to those in healthy volunteer studies than to those in studies employing long-term drug abusers.
MDMA did not affect measures of impulsivity in every behavioral task employed in the present study. Decisionmaking processes in the Iowa gambling task were not affected by MDMA, which seems to indicate that its effect on stop reaction time in the stop-signal task is rather selective. It has been argued before that impulsivity is a broad conceptual construct that encompasses multiple mechanisms of behavioral control that may be linked to different regions of the brain (Bechara 2004) . Two types of impulsivity that can be distinguished are cognitive impulsivity and motor impulsivity. Cognitive impulsivity as measured by the Iowa gambling task is believed to reflect complex processes involved in the control of several cognitive, behavioral and effective processes. More in particular, it assesses the ability to think and reflect on the consequences of a choice prior to making a decision. The ventromedial section in the prefrontal cortex has been indicated as the most critical neural structure underlying these processes (Bechara, 2004; Ridderinkhof et al, 2004) . Motor impulsivity or response inhibition as measured in the stop-signal task or go/no-go task, on the other hand, is believed to relate to the control of motor processes that are subserved by the anterior cingulate (Bechara, 2004) . Thus, it is entirely possible that a pharmacological manipulation can affect these control systems independently and selectively. The present study thus suggests that MDMA selectively improves control over motor impulsivity, while leaving cognitive impulsivity intact. It is interesting to note that selectivity of MDMA effects have been reported in other psychological domains as well. Lamers et al (2003) demonstrated that a single dose of MDMA produced dissociable effects on psychomotor skills and attention.
The effects of alcohol on measures of behavioral impulsivity were intriguing. Alcohol reduced performance in the stop-signal and go/no-go tasks but almost significantly improved performance in the Iowa gambling task. Similar findings have been reported in the scientific literature. Previous studies employing stop-signal paradigms have reported that alcohol increased stop reaction time (de Wit et al, 2000) or increased the number of commission errors Vogel-Sprott, 1997, 1999; Mulvihill et al, 1997) , suggesting increased impulsivity. Application of signal detection theory to data from the go/ no-go task in the present study indicated that the increase in commission errors during alcohol intoxication did not result from a change in response bias toward more liberal or risky decisions, but from a reduced ability to discriminate go from no-go signals. Or in terms of signal detection parameters: sensitivity (d 0 ) significantly decreased following alcohol treatment, whereas the response criterion (b) was unaffected. Sensitivity is a measure of sensory capabilities of the observer or of the effective signal strength, whereas response criterion is a measure of cautiousness and reflects such things as motives and attitudes. The present data thus suggest that the increase in commission errors may reflect impairment of perceptual or attentive processing rather than an increase of motor impulsivity. The absence of an alcohol effect on reaction time in go and no-go trials in the stop-signal task as well as the go/no-go task further supports this notion. It should be noted, however, that overall mean values for sensitivity and response criterion were rather high in the present experiment, which indicates that the go/no-go task was rather easy to perform by the subjects. It would be preferable to increase task difficulty in future studies to further assess the contribution of alcohol-induced changes in sensitivity and response criterion to performance under more compelling laboratory circumstances.
Performance on the Iowa gambling task tended to improve following alcohol treatment but this effect only approached statistical significance. It is still noteworthy, however, since similar effects have been reported in models, where cognitive impulsivity is defined as the inability to wait for a larger reward. Ortner et al (2003) employed a delay-discounting task, where healthy volunteers made a series of hypothetical choices between a small, immediate reward and a large, delayed reward. In the alcohol condition, subjects tended to discount delayed reward at lower rates than during the sober condition. This difference was not statistically significant, but suggested that alcohol led to more cautious decision making. Performance stimulating effects were not found by Richards et al (1999) but they did show that alcohol did not detrimentally affect discounting of delayed monetary reward. Although conceptual differences between tasks measuring cognitive impulsivity do exist, it has been shown that performance on delay-discounting tasks is significantly correlated to performance on the Iowa gambling task (Monterosso et al, 2001) . Together these results indicate that alcohol does not increase cognitive impulsivity in this type of decisionmaking tasks. The absence of an alcohol effect on decisionmaking tasks vs the presence of a detrimental effect of alcohol on motor inhibition tasks demonstrates once more that impulsivity is not a unitary concept or brain structure but is comprised of several independent psychological domains or brain regions that can respond very selectively to a pharmacological manipulation.
None of the behavioral parameters showed any significant MDMA by alcohol interaction effect. This suggests that MDMA does not alter the effects of alcohol on behavioral measures of impulsivity. This notion seems in line with conclusions from a previous study that assessed combined effects of alcohol and MDMA on psychomotor function during intoxication in humans (Hernandez-Lopez et al, 2002) . These investigators reported that MDMA reversed the subjective sedation induced by alcohol but did not change the impairing effect of alcohol on measures of psychomotor function such as simple reaction time and digit symbol substitution. The lack of mitigating effects of MDMA on alcohol-induced impairment on measures of impulsivity or risk tasking may be of particular importance in terms of road safety issues. Most of the MDMA-impaired driving cases that have been reported in the scientific literature consist of drivers who have taken multiple drugs and/or alcohol (Logan and Couper, 2001 ). The present data indicates that the CNS-stimulating effects of MDMA do not suffice to overcome alcohol-induced impairment of motor control, which is one of the most common causal factors in vehicle crashes.
